Fronto-parietal regions and the functional communications between them are critical in supporting 1 8 working memory and other executive functions. The functional connectivity between fronto-parietal 1 9 3 4
MRI data were acquired on a 3T GE Signa Scanner (General Electric Company, Milwawkee, WI), using 1 1 7 an 8-channel head coil. The parameters for the fMRI images were: TR (repetition time) = 2000 ms; TE 1 1 8 (echo time)) = 30 ms; flip angle = 90°; FOV (field of view) = 240×240 mm 2 ; matrix size = 64×64; axial 1 1 9 slice number = 42 with slice thickness = 3 mm and gap = 0). As a result, each resting-state run was 1 2 0 consisted of 255 images, each block-designed run was consisted of 113 images, and each continuous task 1 2 1 run was consisted of 155 images. Structural T1-weighted images were acquired using the following 1 2 2 parameters: TR = 6 ms; TE = Minimum; TI = 450 ms; flip angle = 12°; FOV = 256×256 mm 2 ; matrix size 1 2 3 = 256×256; sagittal slice number = 156 with slice thickness = 1 mm. 1 2 4 2.3. FMRI data analysis 1 2 5 2.3.1. Preprocessing 1 2 6 FMRI images were processed using SPM12 (SPM, RRID:SCR_007037; 1 2 7 https://www.fil.ion.ucl.ac.uk/spm/) under MATLAB environment (R2017b). The anatomical image of 1 2 8 each subject was segmented into gray matter (GM), white matter (WM), cerebrospinal fluid (CSF), and 1 2 9 other brain tissue types, and normalized into standard Montreal Neurological Institute (MNI) space. The 1 3 0 first five functional images of each run were discarded from analysis. The remaining images were 1 3 1 realigned to the first image of each run, and coregistered to the anatomical image. The deformation field 1 3 2 images obtained from the segmentation step were used to normalize all the functional images into MNI, 1 3 3 with a resampled voxel size of 3 x 3 x 3 mm 3 . All the images were spatially smoothed using an 8 x 8 x 8 1 3 4 mm 3 Gaussian kernel. 1 3 5
We calculated frame-wise displacement for the translation and rotation directions, respectively, to 1 3 6 reflect the amount of head motions (Di & Biswal, 2015a) . We adopted the threshold of maximum frame-1 3 7 wise displacement of 1.5 mm or 1.5 degree (half voxel size), or mean frame-wise displacement of 0.2 mm 1 3 8 or 0.2 degree. The subjects with any of the five runs exceeding the threshold would be removed from the 1 3 9 analysis. As a result, one subject's data were discarded. 1 4 0
Activation analysis of the block-designed runs 1 4 1
We first defined general linear model (GLM) to perform voxel-wise analysis on the block-designed runs 1 4 2 to identify task activations between the 2-back and 1-back conditions. The two runs were modeled 1 4 3 together with their own task regressors, covariates, and constant terms. The 2-back and 1-back conditions 1 4 4 were defined as two box-car functions convolved with canonical hemodynamic response function (HRF). 1 4 5
The first eigenvector of signals in the WM and that in the CSF, 24 head motion regressors (Friston, 1 4 6 Williams, Howard, Frackowiak, & Turner, 1996) were added as covariates. There was also as high-pass 1 4 7 filtering (1/128 Hz) implicitly implemented in the GLM. After model estimation, a contrast of 2-back -1 4 8 1-back was defined to reflect the differences of activations between the two conditions. 1 4 9
Group level analysis was performed using one sample test GLM with the input of the contrast 1 5 0 images of 2-back vs. 1-back. Activated clusters were first identified using a threshold of p < 0.001 of 1 5 1 two-tailed test (Chen et al., 2019) , and the cluster extent was thresholded at cluster level false discovery 1 5 2 rate (FDR) of p < 0.05. Because we were interested in fronto-parietal regions, we searched the peak 1 5 3 coordinates of the resulting clusters as well as local maxima within large clusters that covered these 1 5 4
regions. As a result, we defined bilateral middle frontal gyrus regions (MNI coordinates: RMFG, 24, 11, 1 5 5 56; LMFG, -24, 8, 50) and superior parietal lobule (MNI coordinates: LSPL, -18, -70, 50; RSPL, 21, -67, 1 5 6 53) as ROIs. 1 5 7
Physiophysiological interaction analysis of the continuous-designed runs 1 5 8
We first defined GLMs for each continuous run and subject to define ROIs. The GLMs did not include 1 5 9 task regressors, but only had the WM/CSF, head motion, and constant regressors. There was also as high-1 6 0 pass filtering (1/128 Hz) implicitly implemented in the GLM. After model estimation, the time series of 1 6 1 Next, new GLMs were built with the time series of the two ROIs and the PPI term between them 1 6 8 for each of the ROI pairs and conditions. Other regressors of no-interests as well as the implicit high-pass 1 6 9 filter were also included in the GLMs. The beta estimates corresponding to the interaction term was the 1 7 0 effect of interest, which were used for the group level analysis. 1 7 1
The first goal of the group analysis is to identify regions that show modulatory interaction effects 1 7 2 consistently present in the three conditions. We performed conjunction analysis of the three conditions. 1 7 3
Second-level GLM was built for the LMFG-LSPL and RMFG-RSPL analyses separately using a one-way 1 7 4 analysis of variance (ANOVA) model. First, a t contrast of each condition was defined for both positive 1 7 5 and negative effects. Next, we examined the conjunction effects of the three conditions for the positive 1 7 6 and negative effects, respectively, using a threshold of one-tailed p < 0.0005 (corresponding to two-tailed 1 7 7 p < 0.001). Cluster level FDR of p < 0.05 was used for the cluster extent threshold. Because there were 1 7 8 no clusters survived at the two-tailed p < 0.001 threshold, we also explored lower threshold of two-tailed 1 7 9 p < 0.01 for potential effects. 1 8 0
The second goal is to identify regions that showed variable modulatory interactions in the three 1 8 1 conditions. Repeated measure one-way ANOVA model was used for this purpose, with the three 1 8 2 conditions as three levels of a factor. The significant results of the repeated measure ANOVA indicate 1 8 3 differences in the PPI effects between any two of the three conditions. The resulting statistical maps were 1 8 4 thresholded at p < 0.001 with cluster level FDR at p < 0.05. We observed typical bilateral fronto-parietal regions that showed higher activations during the 2-back 1 8 9 condition compared with 1-back condition (Figure 1 and Table 1 ). The frontal clusters mainly covered 1 9 0 the bilateral middle frontal gyrus and precentral gyrus. The parietal clusters mainly covered the bilateral 1 9 1 superior parietal lobule and precuneus. The right cerebellum and left basal ganglia were also activated. 1 9 2 There were also reduced activations in the 2-back compared with 1-back condition, mainly in the default 1 9 3 model network and bilateral temporo-opercular regions. with the 1-back condition. The map was thresholded at p < 0.001 (two-tailed) with cluster-level false 1 9 7 discovery rate of p < 0.05. The surface presentation was made using BrainNet Viewer 1 9 8 (RRID:SCR_009446) (Xia, Wang, & He, 2013). 1 9 9 2 0 0
Modulatory interactions during different task conditions 2 0 1
We first performed conjunction analysis to identify regions that showed consistent PPI effects across the 2 0 2 three conditions. No statistical significant clusters were found of any sizes at p < 0.001 for both the 2 0 3 LMFG-LSPL and RMFG-RSPL analyses. We further checked the threshold of p < 0.01, and still there 2 0 4 were no clusters of any sizes survived. 2 0 5
Repeated measure one-way ANOVA showed only significant effects on the modulatory 2 0 6 interactions of RMFG and RSPL. As shown in Figure 2 and Table 2 , the only cluster mainly covered the 2 0 7 anterior cingulate cortex (ACC). Post-hoc analysis showed that the PPI effect in the ACC was positive in 2 0 8 the 2-back condition but negative during resting-state ( Figure 2B ). Repeated measure one-way ANOVA 2 0 9 of the modulatory interactions of LMFG and LSPL showed a similar cluster in the ACC. However, the 2 1 0 cluster size could not pass the cluster-level threshold. In order to better interpret the PPI effects in the ACC, we correlated the mean PPI effects in the 2 2 1 ACC cluster with RMFC and RSPL with behavioral measures of mean reaction time and accuracy ( Figure  2  2  2 3). The PPI effect showed a very small correlation with reaction time (r = -0.16), and a moderate 2 2 3 negative correlation with the accuracy (r = -0.39). But it can be seen in Figure 3C that there were 2 2 4 potential outliers near the x axis that might introduce spurious correlations. We therefore performed 2 2 5 bootstrapping for 10,000 times to obtain a 95% confidence interval of the correlation (-0.6352, 0.0046) 2 2 6 ( Figure 3D ). during the 2-back continuous run. A and B illustrate the scatter plot of correlations between the 2 3 0 modulatory interaction and reaction time and 10,000 bootstrapping distributions of the correlation. C and 2 3 1 D illustrate the scatter plot of correlations between the modulatory interaction and accuracy and 10,000 2 3 2 bootstrapping distributions of the correlation. 2 3 3 2 3 4
Lastly, we also extracted the mean task activations of the ACC in the block-designed runs ( Figure  2 3 5 4). The ACC showed reduced activations in both the 1-back and 2-back conditions with reference to the 2 3 6 fixation baseline. But the activations were more negative in the 2-back condition than in the 1-back 2 3 7 condition (paired t test: t(48) = 4.49, p < 0.001). 2 3 8 nd re 0 back condition. The task dependent effect is in line with some studies that have demonstrated task 2 7 1 modulated modulatory interactions in other brain systems by using higher order psycho-physio-2 7 2 physiological interaction models (Gorka, Knodt, & Hariri, 2015; Stamatakis, Marslen-Wilson, Tyler, & 2 7 3 Fletcher, 2005) . In neuronal level models, it has also been shown that higher order interactions present 2 7 4 only in certain task conditions (Ganmor, Segev, & Schneidman, 2011; Macke, Opper, & Bethge, 2011 ).
7 5
Taken together, all the evidence conversely suggests that high order interactions may be sensitive to 2 7 6 certain task conditions. 2 7 7
During the 2-back condition with higher working memory loads, the signals from the ACC were 2 7 8 associated with increased functional communications between the fronto-parietal regions. One of the 2 7 9 functions of the ACC is error detection and conflict monitoring (Bush, Luu, & Posner, 2000) . Then, the 2 8 0 ACC activity may represent error related signals that would enhance the communications between the 2 8 1 fronto-parietal regions to maintain task performances. The brain-behavioral correlation analysis 2 8 2 supported this interpretation. The modulatory interactions in the 2-back condition were not correlated 
